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SUMMARY
Statistics show that 59% of foodborne illnesses are traced to 
restaurant operations.  Food safety training has been identified 
as a way to assure public health, yet evidence supporting the 
effectiveness of training has been inconclusive.  A systematic 
random sample of 31 restaurants in three midwestern states 
was selected to assess the effect of training on food safety 
knowledge and behavior.  A total of 402 employees (242 pre-
training and 160 post-training) participated in this study.  Pre- 
and post-training assessments were conducted on knowledge 
and behavior related to three key food safety practices: cross 
contamination, poor personal hygiene, and time/temperature 
abuse. Overall knowledge (P ≤ .05) and compliance with 
standards of behavior (P ≤ .001) improved significantly between 
pre- and post-training.  When each practice was examined 
independently, only handwashing knowledge (P ≤ .001) and 
behavior (P ≤ .001) significantly improved.  Results indicated that 
training can improve knowledge and behaviors, but knowledge 
alone does not always improve behaviors.  
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INTRODUCTION
The United States has one of the 
safest food supplies in the world.  How-
ever, food safety has again come to the 
forefront in the past year with outbreaks 
of Escherichia coli O157:H7, including 
two associated with lettuce consumed at 
Mexican restaurants in the midwestern 
and northeastern United States (5). This 
attention has caused many consumers to 
doubt the safety of food served in restau-
rants and other institutions (2, 14).
 Foodborne illness prevention is a 
significant concern and a public health 
priority in the United States. Yet, food-
borne illnesses remain prevalent, and in 
spite of the positive strides made in com-
mercial eating establishments, a significant 
proportion of foodborne illness cases are 
traced back to restaurants (9, 10, 22).  In 
2005, 59% of foodborne illness outbreaks 
reported to FoodNet were associated with 
restaurants (4). 
The top five risk factors of food-
borne outbreaks in foodservice operations 
include improper holding temperatures, 
inadequate cooking, contaminated equip-
ment, purchase and receipt of food 
from unsafe sources, and poor personal 
hygiene. These are all directly related 
to food handler error and can be pre-
vented if food handlers follow proper food 
safety practices (12, 13, 15).  
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In 1998, the Food and Drug Admin-
istration (FDA) (12) conducted a study to 
ascertain the rate at which food handlers 
were in-compliance with standards estab-
lished in the Food Code (11).  The FDA 
(12) found that only 60% and 74% of 
quick-service and full-service restaurants, 
respectively, were in compliance with 
identified standards (12). Compliance 
rates in the restaurant industry were 
lower than those in hospitals (80%), 
nursing homes (82%), and elementary 
schools (80%). The lowest compliance 
rates in restaurants were related to cross 
contamination (70%), improper hold-
ing/time-temperatures (67%), and poor 
personal hygiene (55%), all of which have 
been identified as the most frequently 
implicated factors in foodborne illness 
outbreaks (3, 7, 20).  A follow-up study by 
the FDA (13) found that scores across the 
six risk factors had improved only 1.4% 
in full-service restaurants and had not 
changed in quick-service restaurants. 
Researchers have reported that food 
safety training is effective in increasing 
sanitation inspection scores (8, 17), 
the microbiological quality of food (6), 
and self-reported changes in food safety 
practices (19). However, research has 
found that foodservice managers and 
employees receiving training on proper 
food handling practices and obtaining 
adequate food safety knowledge does not 
always translate into improved behaviors 
(e.g., 16, 18, 23).  
Wright and Feun (23) evaluated 
the effect of foodservice manager certifi- 
cation on inspection scores. They found 
no significant improvements in know-
ledge scores between pre- and post-tests, 
whether the post-tests were administered 
immediately following the program or six 
months later.  Mathias et al. (18) compared 
the inspection violations for foodservice 
establishments with varying numbers of 
food handlers who were educated in food 
safety or not. Results indicated that the 
number of food handlers trained in food 
safety had no significant effect on food 
safety inspection violations.
Little research has been conducted 
exploring actual behavior of foodservice 
employees before and after food safety 
training. The purpose of this study was 
to determine if food safety knowledge and 
behaviors among employees improved as 
a result of taking a four-hour food safety 
training class based on ServSafe®.
METhODOlOgY
The population for this study was 
food handlers in commercial independent 
and chain restaurants licensed to sell food 
in Kansas, Missouri, and Iowa. Because 
of budgetary limitations, to qualify for 
the sample, operations had to be located 
within 300 miles of the research univer-
sity.  Kansas and Iowa restaurants were 
chosen from a state agency listing of 
licensed operations. For Missouri, the 
telephone directory was used to obtain 
the names of operations, because the state 
has no licensing system. Using a system-
atic random sample, 1,298 restaurant 
managers were called to request that they 
participate in the study.  In return for their 
participation, managers were offered free 
food safety training for their production 
employees.  
Prior to training, employees were 
asked to complete a 54-item knowledge 
assessment targeting the three main 
behaviors that contribute to foodborne 
illness.  The assessment included three 
questions for each of the three behaviors: 
cross contamination (properly handling 
food and work surfaces), time and tem-
perature abuse (use of thermometers), and 
personal hygiene (handwashing).  Each of 
the nine multiple choice questions had six 
response options. Respondents were asked 
to circle all answers within each question 
they believed to be correct.  If an employee 
circled a response that was correct, that 
item was coded with a 1.  If the response 
circled was incorrect, the item was coded 
as a 0.  Thus, the mean of each of the 54 
individual knowledge items could range 
from 0 to 1, with an overall composite 
score of 54 possible.  All of the questions 
within each behavioral category were then 
combined for possible composite scores of 
18. For example, if a respondent answered 
13 handwashing questions correctly, his 
or her composite handwashing score 
would be 13.
After the knowledge assessment was 
completed, trained researchers observed 
each employee in a three-hour period 
during a lunch or dinner work shift, using 
a validated restaurant food safety observa-
tion form (21).  This form included nine 
behaviors for properly handling food and 
work surfaces, six for thermometer use, 
and 16 for handwashing (10 for when 
to wash hands and six for how to wash 
hands). During observations, researchers 
recorded whether these behaviors were 
performed correctly or incorrectly. For 
each of the 31 specific behaviors, the 
number of occasions that behavior was 
performed correctly was divided by the 
total number of observations of that be-
havior to obtain a percentage of behaviors 
performed correctly. As an example, if 
researchers observed an employee washing 
his or her hands prior to using gloves on 
two occasions and observed the employee 
not doing so on three other occasions, the 
total number of observations would be 
five, making the percentage of behaviors 
performed correctly 40%. Composite per-
centages also were calculated for each of 
the three broad behaviors (handwashing, 
handling of food/cleaning and sanitizing, 
and thermometer use) to represent the 
extent to which the three behaviors were 
performed properly.  
Following the initial knowledge 
assessment and observations, employees 
attended a four-hour ServSafe® class in 
which the ServSafe® Employee Guide and 
supporting materials were used.  Follow-
ing the training, employees completed 
the same knowledge assessment they had 
completed prior to training and then were 
observed in the restaurant operation while 
using the same research procedures. 
Through use of SPSS for Windows 
11.5, descriptive statistics (frequencies, 
means, and standard deviations) and 
independent samples t-tests were used 
to analyze the data. Reliability analysis 
was conducted for both the pre-training 
and post-training knowledge assessment 
questions, yielding an alpha coefficient of 
.70 and .75, respectively.  Simple linear re-
gression was used to analyze relationships 
among variables.  The type I error rate for 
all comparisons was set at .05.
RESUlTS
Response rate
Of the 1,298 restaurant managers 
contacted, 31 restaurant managers agreed 
to participate and completed this phase 
of the project, yielding 242 employees 
who completed the pre-training assess-
ment. Due to employee turnover and 
dropouts, 160 employees were trained and 
completed the post-training knowledge 
assessment and observation period.
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TABlE 2.  Comparison of pre- and post-training knowledge composite scores  
                                    Mean Correct ± SDa
  Pre-Trainingb Post-Trainingb
Category (n = 177) (n = 146)
Cross contamination 14.0 ± 2.05  14.0 ± 2.60
Handwashing 15.2 ± 2.14     16.3 ± 1.86**
     When to wash hands 5.4 ± .79  5.5 ± .80
     How to wash hands   9.8 ± 1.74    10.7 ± 1.30*
use of thermometers 13.6 ± 2.55  13.9 ± 2.47
Overall knowledge                                                                           42.8 ± 5.1  44.1 ± 5.3*
amean Number of Items Correct ± Standard Deviation 
bResponses were coded on a two point scale with 0 for incorrect responses; and 1 for correct responses; 
a perfect score would be 54, or for each practice (cross contamination, handwashing, or use of thermometers) 
18.  For when to wash hands, a perfect score was 6, for how to wash hands 12.
*P ≤ .05
**P ≤ .001
TABlE 1. Characteristics of employees
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Employee characteristics
Characteristics of employees who 
participated in the project are presented 
in Table 1. The majority of employees 
were male (56.0%).  The age of employees 
ranged from 15 to 79, with a mean of 28 
years.   Employees had worked an average 
of 7.6 years in the foodservice industry 
and an average 2.3 years in their current 
position. The majority of employees 
(69.4%) worked more than 20 hours 
per week.  
Knowledge
Independent samples t-tests were 
conducted to assess the effect of food 
safety training on knowledge. Overall, 
knowledge scores increased significantly 
between the pre- (M = 42.8, SD = 5.1) 
and post-training (M = 44.1, SD = 5.3) 
assessments (P  ≤  .05).  When the mean 
composite scores for the separate catego-
ries were compared between pre-and post-
training, knowledge increased significantly 
only for the handwashing composite score 
(P ≤ .001) (Table 2). Within the hand-
washing assessment questions, the com-
posite score for questions just related to 
how to wash hands improved significantly 
(P ≤ .001). However, questions related 
to when to wash hands did not improve 
significantly.
The number of correct responses 
for several individual questions within 
each behavioral category increased sig-
nificantly between pre- and post-training 
assessments (Table 3). Despite having 
attended the food safety training class 
that included discussion of correct food 
safety practices about food handling and 
cleaning and sanitizing work surfaces, 
employees’ scores decreased for individual 
knowledge questions related to ensuring 
sanitation of work cutting surfaces (P ≤ 
.05) and washing hands when working 
in food production (P ≤ .001). How-
ever, significant improvement was found 
in knowledge scores for cleaning and 
sanitizing surfaces between each food 
preparation task (P ≤ .05). Additionally, 
after training, more employees correctly 
answered the questions related to clean-
ing work surfaces every two hours when 
performing the same food preparation 
task (P ≤ .05) and minimizing raw food 
contact with bare hands when food will 
be cooked (P ≤ .05).
For knowledge questions related 
to thermometer use, scores improved in 
knowing that cold food is to be held at 
41ºF or lower (P ≤ .05), that hot food is 
to be held above 135ºF (P ≤ .001), and 
that a thermometer should be used to 
check the temperature of foods when it 
is reheated (P ≤ .05).  More employees 
also correctly responded that baked goods 
need not be held above 70ºF (P ≤ .05) to 
ensure food safety. Significant decreases 
were found for questions related to im-
proper thermometer usage, including the 
question on tasting as an acceptable way 
to assure the food is done (P ≤ .001) and 
the question on whether one would need 
to measure the temperature of food prior 
to cooking (P ≤ .001). These findings 
may be a concern to trainers, given that 
employees were taught that tasting is not 
an acceptable method for ensuring that 
food is cooked.  
For handwashing questions, em-
ployees’ knowledge had improved after 
training for understanding that shaking 
hands vigorously is not a proper drying 
method (P < .05). Scores showed that 
respondents had learned that 20 seconds 
(P ≤ .05) rather than 15 seconds (P ≤ 
.001) is necessary for proper handwash-
ing, and that warm water should not be 
used to wash hands (P ≤ .001) (hands 
should be washed with hot water).  Also, 
scores showed that trainees understood 
that using a hand sanitizer (P ≤ .05) is not 
necessary for proper handwashing. As for 
when to wash hands, the one factor for 
which the score did improve significantly 
was ensuring that hands are washed before 
glove usage (P ≤ .001).  
Simple linear regression was used 
to examine the relationship between 
the post-training total knowledge score 
(dependent variable) and the employees’ 
characteristics – gender, age, education, 
certification, years of experience, and 
hours worked per week – as the indepen-
dent variables. The stepwise regression 
model showed that the overall model was 
significant (F = 14.798, P ≤ .001). The sig-
nificant independent variable in the model 
was the employees’ educational level 
(ß = .334, P  ≤  .001); as an employee’s 
educational level increased, so did his or 
her food safety knowledge.  
Behaviors
Independent samples t-tests were 
conducted to assess the effect of food 
safety training on behavioral compli-
ance.  The overall percentage of behaviors 
performed correctly across the three be-
havioral categories increased significantly 
between pre-training and post-training 
(P ≤ .001). When the composite mean 
percentages of each behavioral category 
were examined independently, only the 
behavioral composite related to hand-
washing increased significantly (P ≤ .001) 
(Table 4). Specific behaviors for which a 
significant improvement was observed 
included washing hands at designated 
times to reduce cross contamination (P ≤ 
.001) and using the correct handwashing 
procedure (P ≤ .05).  
Several individual behaviors observed 
showed significant improvement between 
pre- and post-training observations (Table 
5). For properly handling food and work 
surfaces, significant improvements were 
made in assuring that food contact sur-
faces were clean (P ≤ .05) and storing 
sanitizing cloths in a sanitizing solution 
(P ≤ .05). No significant improvements 
on individual items for thermometer use 
were found, as thermometers were often 
not available for employees to use, which 
is a concern because such unavailability 
is a health code violation.  However, for 
handwashing, all employees in the post-
training observations washed their hands 
at the beginning of the shift (P ≤ .001), 
compared to the initial observations in 
which only 62.5% of employees did so. 
Significant improvements also were noted 
in washing hands before putting on gloves 
(P ≤ .001), after handling raw food (P ≤ 
.05) or chemicals (P ≤ .001), and when 
food preparation tasks were interrupted 
or changed (P ≤ .05). Within handwash-
ing procedures, employees improved on 
washing hands for 20 seconds (P ≤ .05), 
washing their arms above their wrists 
(P ≤ .001), cleaning between fingers (P 
≤ .001), and drying their hands with a 
single-use paper towel or warm-air hand 
dryer (P ≤ .05).  
Simple linear regression was used 
to examine the relationship between the 
employees’ post-training behavior com-
posite score (dependent variable) and total 
knowledge score (independent variable). 
The regression model showed that there 
was a significant (F = 4.266, P ≤ .05) posi-
tive relationship between the two.  Further 
analysis determined that none of the post-
training knowledge scores influenced their 
corresponding post-training behaviors in 
any of the three behavioral categories.  In 
other words, general knowledge is related 
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TABlE 3. Comparison of pre- and post-training knowledge scores 
                                                                 Mean % Correct ± SD    
Questionsa –  Food handling, Cleaning and Sanitizing  Pre-Training      Post-Training % Change  
Work Surfaces   (n=177)      (n=146) in Mean
1. Which of these things should be cleaned and sanitized    
 when working in the food preparation area?    
  A. Cutting surfaces✶   99.4 ± 7.6       94.9 ± 22.0 -4.5
  b. Hands✶  99.4 ± 7.7       92.0 ± 27.1 -7.4**
  C. utensils✶    97.1 ± 16.9       94.9 ± 22.0 -2.2
  D. Countertops✶    93.5 ± 24.6       92.0 ± 27.2 -1.5
  E. Floors✶    61.8 ± 48.7       55.0 ± 49.9 -6.8
  F.  Stovetops✶    76.5 ± 42.5       73.1 ± 44.5 -3.4
2. Food surfaces should be cleaned and sanitized at which  
 of the following times?   
  A. before preparing foods✶   91.8 ± 27.6       87.0 ± 33.8 -4.8
  b. When switching from one food preparation task to another✶  84.7 ± 36.1       95.6 ± 20.5 10.9**
  C. between each food preparation task✶   80.6 ± 39.6       89.1 ± 31.2 8.5*
  D. When they become contaminated✶   77.7 ± 41.8       79.7 ± 40.4 2
  E. When only working with ready-to-eat foods   78.2 ± 41.4       77.6 ± 41.9 -0.6
  F.  Every 2 hours when performing the same food    45.3 ± 49.9       56.5 ± 49.7 11.2* 
    preparation task  
3. Raw foods that will be cooked before serving should not  
 come into contact with which of the following?
  A. Ready-to-eat foods✶   94.7 ± 22.5       94.2 ± 23.4 -0.5
  b. Floor✶   87.7 ± 33.0       81.8 ± 38.7 -5.9
  C. utensils   66.5 ± 47.3       71.7 ± 45.1 5.2
  D. Other raw foods✶   67.0 ± 47.1       64.5 ± 48.0 -2.5
  E. Countertops   53.5 ± 50.0       52.9 ± 50.1 -0.6
  F.  bare hand   36.4 ± 48.2       54.4 ± 50.0 18**
Questionsa –  Use of Thermometers 
4. Which of the following temperatures are correct  
 for food preparation?
  A. Cold food is held below 41ºF✶   89.4 ± 30.9       95.7 ± 20.5 6.3*
  b. Food is reheated to 165ºF✶   81.2 ± 39.2       84.8 ± 36.1 3.6
  C. baked goods are held above 70ºF   72.4 ± 44.9       81.9 ± 38.6 9.5*
  D. beverages are held below 50ºF   68.8 ± 46.5       76.1 ± 42.8 7.3
  E. Hot food is held above 135ºF✶   65.3 ± 47.7       86.2 ± 34.6 20.9**
  F.  Ice must be below 0ºF   65.9 ± 47.6       64.5 ± 48.0 -1.4
5.   To properly check the temperature of food, which  
 of the following should be done?
  A. Taste it to see if it tastes right   97.1 ± 16.9       86.2 ± 34.6 -10.9**
  b. use a calibrated, sanitized thermometer✶   95.8 ± 19.9       96.4 ± 18.8 0.6
  C. Touch it to see that it is hot enough   95.3 ± 21.2       94.2 ± 23.5 -1.1
  D. Look at it to make sure it is the right color   79.4 ± 40.5       70.3 ± 45.9 -9.1
  E. Check the center of the food rather than the surface✶   66.5 ± 47.3       71.0 ± 45.5 4.5
  F.  make sure it has been cooking for the correct    55.3 ± 49.9       50.0 ± 50.2 -5.3
    amount of time
6.   When should a thermometer be used to check  
 the temperature of food? (Circle all that apply.)
  A. At the completion of cooking✶   88.2 ± 32.3       89.8 ± 30.3 1.6
  b. Prior to cooking   81.2 ± 39.2       63.0 ± 48.5 -18.2**
  C. After reheating✶   71.2 ± 45.4       85.5 ± 35.3 14.3*
  D. On the hotline✶   66.5 ± 47.3       68.8 ± 46.5 2.3
  E. On the coldline✶   65.8 ± 47.5       66.7 ± 47.3 0.9  
  F.  At the midpoint in cooking   56.5 ± 49.7       55.0 ± 49.9 -1.5
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TABlE 3. (Continued) Comparison of pre- and post-training knowledge scores 
        Mean % Correct ± SD    
    Pre-Training      Post-Training % Change  
Questionsa –  handwashing (n=177)      (n=146) in Mean
7. After handwashing, hands should be dried:   
  A. With a single use paper towel✶	 98.8 ± 10.8     98.5 ± 11.9 -0.3
  b. On pants 98.2 ± 13.2   100.0 ± 0.00 1.8
  C. With an apron 95.8 ± 19.9    99.3 ±  8.5 3.5
  D. With a common towel 90.6 ± 29.3     93.5 ± 24.8 2.9
  E. by shaking vigorously 90.6 ± 29.3     95.7 ± 20.5 5.1
  F.  With an air dryer✶ 67.7 ± 46.9     55.8 ± 49.8 -11.9*
8. Which of the following are necessary for proper 
 handwashing?
  A. Soap✶ 99.4 ± 81.0     94.9 ± 22.0 -4.5
  b. 20 seconds✶ 87.7 ± 33.0     96.4 ± 18.8 8.7*
  C. 15 seconds 87.0 ± 33.7     96.4 ± 18.8 9.4*
  D. Hot water✶ 72.4 ± 44.8     86.2 ± 34.6 13.8*
  E. Warm water 57.7 ± 49.6     81.9 ± 38.7 24.2**
  F.  Hand sanitizer 40.0 ± 49.1     73.9 ± 44.1 33.9**
9. hands should be washed for food safety purposes  
 in which of the following circumstances?
  A. After going to the restroom✶ 98.2 ± 13.2     96.4 ± 18.8 -1.8
  b. before work✶ 97.1 ± 16.9     96.4 ± 18.8 -0.7
  C. After touching body parts✶ 95.8 ± 21.9     96.4 ± 18.8 0.6
  D. When switching food preparation tasks✶ 90.0 ± 30.1     94.9 ± 22.0 4.9
  E. before putting on gloves✶ 82.9 ± 37.7     94.2 ± 23.5 11.3*
  F.  before going to the bathroom 70.6 ± 45.7     73.2 ± 44.5 2.6
aRespondents were asked to circle all responses that were correct for each question.
*P ≤ .05
**P ≤ .001
✶Denotes that the item was correct if circled. 
TABlE 4. Comparison of pre- and post-training behavior composite scores 
                   N                              Mean % Correct ± SDa
  Pre- Post-  
Category Training Training Pre-Trainingb Post-Trainingb 
Cross contamination 186 91 60.4 ± 33.5 65.8 ± 32.8
Handwashing 208 98   31.2 ± 24.5    45.5 ± 25.0**
     When to wash hands 212 98   24.5 ± 25.7    35.2 ± 28.8**
     How to wash hands 174 94 53.0 ± 27.5   62.3 ± 23.7*
use of thermometers 70 35 19.8 ± 35.9 24.5 ± 38.1
Overall food safety compliancec 208 98   36.8 ± 22.8    47.2 ± 23.8**
amean Percentage of behaviors Performed Correctly ± Standard Deviation.
bbehaviors were coded as done either correctly or incorrectly. The number of behaviors performed correctly  
was divided by total number of behaviors observed to calculate the percent of behaviors performed correctly.
cOverall food safety compliance is a composite of the three behavioral categories.
*P ≤ .05
**P ≤ .001
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TABlE 5. Pre- and post-training comparison of behavioral compliance percentages 
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to general behavior, but no individual 
behavior is driving the relationship more 
than others.
CONClUSIONS  
AND APPlICATIONS
The results of this study found that 
overall behavioral compliance remained 
low even after food safety training.  For 
several behaviors, the mean was fairly high 
in the pre-test (e.g., leftovers labeled and 
dated, food stored on the hot line is at least 
135ºF) so there was not significant room 
for improvement. However, even those 
behaviors with low compliance scores 
during the pre-training observation (e.g., 
check internal temperature of food by 
inserting the thermometer stem or probe 
into the thickest part of the product), 
which could have improved substantially, 
did not. Results did indicate that food 
safety training had a significant influ-
ence on employees’ overall handwashing 
knowledge and behaviors but had little 
impact on overall cross contamination 
and thermometer use. These results may 
be due to the training, which used a 
hands-on Glo Germ demonstration to 
emphasize the importance of handwash-
ing but which had no hands-on activities 
related to thermometer use and properly 
handling of food and work surfaces.  Also, 
employees had greater prior knowledge of 
handwashing, and the training may have 
reinforced that preexisting knowledge. For 
thermometers, employees often did not 
have thermometers to use, which would 
inhibit their behaviors. It was interest-
ing to note that even though employees’ 
knowledge scores related to washing 
hands after they had become contami-
nated were very high in both pre- and 
post-training assessments, these high 
scores did not influence the behaviors of 
the employees. 
For properly handling food and 
work surfaces, scores for only three of the 
18 knowledge items and two of the nine 
behaviors increased significantly.  The 
behavior in lowest compliance after train-
ing was the one related to the requirement 
that all food contact surfaces must be 
washed, rinsed, and sanitized; only 28% of 
employees correctly performed this task. 
This behavior item had high knowledge 
means. For use of thermometers, again, 
three knowledge items were significantly 
higher and two items significantly lower 
for post training. The behaviors observed 
out-of-compliance most often were 
checking food at the completion of cook-
ing (21%) or reheating (20%).  These 
behavior items had knowledge score 
means between .90 ± .30 and .86 ± .35, 
respectively. 
 This study illustrates that train-
ing can have a significant impact on 
improving knowledge and behaviors. Yet, 
increasing knowledge does not ensure that 
behaviors will change, as demonstrated 
by the high scores on knowledge and low 
percentages on corresponding behaviors. 
Therefore, knowledge alone is not suffi-
cient to bring about changes in behavior. 
These results support the findings of 
Mathias et al. (18) and Wright and Feun 
(23). Traditionally, food safety training 
has focused on increasing knowledge, 
but more emphasis should be placed on 
why the behavior should be changed. 
Clearly, trainers and training programs 
may be improved by targeting factors 
rather than just increasing knowledge 
to change behaviors. The current study 
indicates that an increase in knowledge 
does not necessarily mean that a change 
in behavior will take place. 
Whether in a formal food safety class 
or while conducting inspections, it is im-
perative that sanitarians not only educate 
the managers and employees on proper 
techniques but also on why proper food 
safety practices must be followed. Key 
information about food-safety related out-
breaks in the area and the consequences 
for the operation that caused the outbreak 
could be shared with the managers and 
employees in the form of newsletters and 
fliers.  This may be more persuasive than 
what is currently given in formal training 
and might be enough to bring about a 
change in behavior.
A primary limitation of this research 
is the number of restaurants willing to 
participate in this study. Based on the 
number of calls (1,298) and the number 
of participating restaurants (31), the re-
sponse rate was 2.4%. It was difficult to 
get restaurant managers to participate in 
a lengthy research process, even though 
free employee-paid food safety training 
was offered.  For food safety to improve, 
restaurant managers must be willing to 
participate in studies of this type.  
Future research should investigate 
why restaurant managers are unwilling 
to participate in this type of research 
and what are the barriers and/or mo-
tivators to increase the use of proper 
food safety practices within operations. 
According to the Theory of Planned 
Behavior (1), such an increase could be 
attained by exploring ways to influence 
the attitudes, subjective norms, perceived 
behavioral controls, intentions and ulti-
mately behavior of foodservice employees 
to create a long-term change in food safety 
practices.   
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